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This report examines the strength of the relationship ·between two clinical and two laboratory measures
of spasticity. Clinical and laboratory measures of ·both reflex activity.and resistance to movement were
collected to describe spasticity in two groups of people after stroke. For both data sets, significant
relationships between the clinical and laboratory measures were found only for measures of resistance
to movement, not for measures of reflex activity. This finding suggests that the Ashworth scale is the
best clinical tool for measuring resistance to movement. However,itis important to note that the cause
of the resistance to movement graded using this tool may not be spasticity. A measurement tool which
can differentiate spasticity from contracture is required for clinical practice. [VattanasilpW and.Ada l
(1999): The relationship between clinical and laboratory measures of spasticity. Australian
Journal of Physiotherapy 45: 135-139]
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Introduction
From the current literature on the topic, the most
widely accepted definition of spasticity is "a motor
disorder characterised by velocity-dependent increase
in tonic stretch reflexes ('muscle tone') with
exaggerated tendon Jerks resulting from
hyperexcitability of the stretch reflex as one
component of the upper motor neurone syndrome"
(Lance 1980. p. 485 )
This definition suggests that the abnormality
underlying spasticity is hyperexcitability of the
stretch reflex, both tonic and phasic components,
which can result in an increased resistance to passive
movement. Spasticity is most commonly .measured
clinically by (i) grading the response of the tendon
jerk while the subject is relaxed, where an increased
response is reported as hyperreflexia and (ii) grading
the resistance to passive movement while the subject
is relaxed, where increased resistance is reported as
hypertonia (eg Ashworth 1964). Spasticity is most
commonly measured in the laboratory by moving the
joint (mechanically or manually), either by repeated
oscillation (sinusoidal movement)orby a single ramp
movement and (i) quantifying the EMG activity in
response to stretch (eg Neilson and Lance 1978,
O'Dwyer et al 1996) and (ii) quantifying the
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resistance to movement (eg Gottlieb et al 1978,
Hufschmidt and Mauritz 1985, Racket al 1984).
Currently, the extent of association between these two
sets of measures is unknown for stroke.
During a series of investigations into the nature of
spasticity in the gastrocnemius muscle and its relation
to mus.clestiffness and function following stroke, as
well as gold standard laboratory measures, two
clinical measures of spasticity were collected to
describe patients clinically (Ada et al 1998). This
report describes the relationships that were found
between and within the clinical and laboratory
measures ofspasticity.
Methods
Measures ofspasticity were carried out on two groups
of stroke subjects. The first group represented typical
ambulant stroke patients and included 14 subjects
who could walk independently with or without an aid,
who were not selected in terms of spasticity or
stiffness of the ankle joint, had a mean (SD) age of65
(9) years, and were less than two years since stroke.
The second group included 30 subjects whose calf
muscles felt clinically stiff, had a score of 2:2 on the
Ashworth scale, had a mean (SD) age of68 (9) years
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and were between two weeks and .five years since
stroke. Because of these differences between the
groups, the data were analysed and presented
separately.
The two clinical measures of spasticity were (i) the
tendon jerk graded according to DeJong (1984) and
(ii) the resistance to passive movement graded using
the Ashworth scale. The tendon Jerk was performed
by tapping a rubber tendon hammer against the
Achilles tendon and graded by scoring the observed
response from 0 to ++++. For the Ashworth scale,
subjects sat on abed and let their legs relax over the
edge ofthe bed with both feet above theground.'They
were then asked to rest their affected foot on the
examin'er's arm and relax their ankle. The foot was
slowly passively dorsiflexed throughout range and
the resistance was graded between 0 and 4. The same
examiner performed all measures for both groups of
subjects.
The two laboratory measures collected were (i) the
tonic stretch reflex and (ii) the torque-angle relation
observed as a result of stretching the gastrocnemius
muscle. To measure the tonic stretch reflex,
sinusoidal oscillation of the ankle was performed
passively at 2Hz for both groups ofsubjects to stretch
the relaxed calf muscles from 10 degrees of
plantarflexion to 10 degrees of dorsiflexion with the
subjects in long sitting with a slightly flexed knee.
Surface electrodes over the medial gastrocnemius
muscle recordedEMG activity. Resistance to
movement was measured using a load cell, while a
potentiometer at the axis of rotation of the ankle
measured the ankle angle during stretching. The
magnitude of the tonic stretch reflex,,.ie the stretch-
evoked activity divided by the amount of stretch, was
calculated as an indication of reflex activity in the
gastrocnemius muscle (see Ada et al1998 for details
ofthe cross-correlational and spectral analysis used in
this calculation). The magnitude of the torque-angle
relation, ie the torque produced divided by the
amount of stretch, 'was .calculated to quantify the
resistance to movement during stretching.
Pearson product moment correlation coefficients
were used to examine the relationship between the
laboratory measures, both ofwhich were interval. The
Spearman rank correlation was used to analyse the
relationship between the clinical measures, both of
which were ordinal, as well as between the clinical
and laboratory measures.
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Results
Figure 1 illustrates the relationships between the
clinical and the laboratory measures for both groups
of subjects (the individual data is presented in Table
1). There was little relationship (r
s
== -0.05 and 0.17)
between the clinical (tendon jerk) and laboratory
(tonic stretch reflex) measures of the reflex ·activity.
However, there was a statistically significant and
moderate relationship found on both occasions
(r
s
= 0.64 and 0.52) between the clinical (Ashworth
scale) and the laboratory (torque-angle relation)
measures of the resistance to movement.
There was a significant but moderate relationship
within the laboratory (the tonic stretch reflex and the
torque-angle relation) measures for group 2 .(r == 0.56)
but not for group 1 (r = 0.33). In contrast, for both
groups, there was little relationship (r
s
== 0.16 and
0.02) within the two clinical measures (the tendon
jerk and the Ashworth scale).
Discussion
The nature of the relationships between and within
the clinical and the laboratory measures of spasticity
in the two studies is consistent with current theory.
The lack of relationship between the two tests of
reflex activity can be explained by the fact that the
tendon Jerk and the tonic stretch reflex are measuring
different things, ie different components ofthe stretch
reflex response. The tendon jerk excites aphasic,
monosynaptic component of the stretch reflex in
response to a rapid stimulus. In contrast, sinusoidal
stretch, in which the input is ongoing, excites a tonic,
polysynaptic component of the stretch reflex. This
finding supports the argument of Fellows et al (1993)
that the tendon Jerk has limitations in providing a
complete picture of the pathological changes in reflex
responses following stroke. In addition, it was found
that the tendon jerk is difficult to grade because the
test involves a stimulus which provokes
supramaximal reflex (all or nothing), and this
stimulus is not physiological movement (Lin etal
1994). On the other hand, both the clinical (Ashworth
scale) and the laboratory (torque-angle relation)
measures of resistance to movement seek to quantify
the resistance to movement, one by an examiner
grading it and the other using a load cell to quantify
it. Given the different conditions under which both
tests are perfonned, ·especially in terms of muscle
length, range and speed, the finding that they were
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Table 1. Results of clinical and laboratory measures
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Subject Time Affected CLINICAL MEASURES LABORATORY MEASURES
since stroke side Ashworth scale* Tendon jerk# Tonic stretch reflex Torque-angle relation
months RlL ato 4 ato ++++ Jlv/deg Nm/deg
Group 1
1 11 L a +++ .05 .38
2 9 L 3 +++ .13 .61
3 5 R 1 +++ .38 .42
4 18 L 3 ++++ .15 .80
5 20 L 0 +++ .00 .23
6 13 L 2 +++ .38 .56
7 7 R 1 +++ .00 .22
8 5 L 1 +
9 8 R 2 ++
10 16 L l' +++ .22 .49
11 18 R 1 ++ .76 .74
12 14 L 2 +++ .32 .56
13 18 L 1 ++ .00 .93
14 7 L 0 +++ .00 .35
Group 2
1 3 R 2 +++ .46 .46
2 1 L 2 +++ .12 .50
3 1 L 2 + .19 .41
4 1 L 2 ++ ;07 .35
5 1 L 2 +++ .10 .38
6 1 R 2 ++ .04 .29
7 3 R 2 +++ .17 .27
8 1 R 2 +++ .00 .19
9 1 L 3 + .12 .55
10 7 R 4 ++ .02 .44
11 4 R 2 +++ .13 .29
12 6 L 3 +++ .15 .35
13 12 R 3 +++ .10 .32
14 1 R 2 +++ .10 .16
15 1 L 3 ++ .41 .33
16 1 L 2 +++ .02 .24
17 8 R 2 +++ .43 .36
18 26 L 4 ++++ .05 .60
19 9 L 2 +++ .00 .17
20 36 L 3 ++ .00 .39
21 65 L 3 +++i .30 .36
22 8 L 2 +++ .15 .30
23 4 L 2 ++ .28 .32
24 24 L 3 ++ .19 .44
25 27 R 3 +++ .17 .41
26 1 R 2 +++ .08 .26
27 2 R 2 + .00 .38
28 6 L 2 +++ .15 .39
29 36 L 3 +++ 1.02 .76
30 7 L 2 ++ .00 .33
* Ashworth scale GradeD = no increase in muscle tone
(Ashworth, 1964) Grade 1 = slightincreasein muscle tone, manifested by a catch and release orbyminimalresistance atthe
end ofthe range of motion when the affected part is moved in flexion or extension
Grade 2 =more marked increase in muscle tone through most of the range of motion, but affected part easily
moved
Grade 3 = considerable increase in muscle tone,passive movement·difficult
Grade 4 = affected part rigid inflexion or extension
# Tendon jerk D = absent
(Dejong 1984) + =hyporeflexia
++ = normal
+++ = slight hyperreflexia
++++ =marked hyperreflexia
- Missing data
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Figure 1. Relationship between the clinical and laboratory measures ofspasticity in stroke subjects of a) Group 1 and b)
Group 2. Solid arrows indicate significant relationships (p < 0.05) while broken arrows indicate non-significant relationships
(p > 0.05). Findings from the two different groups of stroke subjects were similar except for the relationship within the
laboratory measures.
moderately related would seem to be of functional
significance. It suggests that grading of resistance to
movement using the Ashworth scale is a reasonable
way to quantify hypertonia in the clinic.
Within the clinical measures, the lack of relationship
between the tendon jerk and the Ashworth scale can
best be explained by the fact that these two tests
measure quite different things. The tendon jerk
measures the phasic stretch reflex which responds to
a rapid stimulus. On the other hand, the Ashworth
scale measures resistance produced in a limb being
moved at a normal speed. As the movement of the
limb during the grading of the Ashworth scale is too
slow to excite phasic stretch reflexes, the lack of
relationship between these two clinical measures is
not surprising. Lastly, within the laboratory .measures,
the significant relationship between the tonic stretch
reflex and the torque-angle relation in one of the
groups is consistent with Lance's (1980) definition of
spasticity which implies that hyperreflexia can
contribute to an increased resistance to movement.
However, the lack of a significant relationship in the
other group suggests that other factors may contribute
to stiffness.
The findings described here do not make easy the task
ofrecommending the best clinical tool for measuring
spasticity. Although the tendon Jerk maybe useful as
a diagnostic ·tool, it does not appear to be a good
clinical measure ofspasticity because the tendon jerk
represents only the phasic component of the stretch
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reflex, not the whole picture of spasticity.. The
Ashworth scale seems to adequately define the
resistance clinically.. Nonetheless, it is important to
note that the Ashworth scale does not enable
identification of the cause of the increased resistance..
This can be attributed to at least two factors .. First, the
hyperexcitable tonic stretch reflex may produce
reflex activity of the muscle being stretched, thereby
resisting the examiner's attempt to stretch the muscle.
Second, adaptation of the passive mechanical
properties of muscles to contracture may also produce
an increase in muscle stiffness (Katz and Rymer
1989, O'Dwyer etal 1996). The findings presented
here agree with the conclusions from a previous study
which compared clinical and laboratory
measurements of spasticity in multiple sclerosis
patients, that the Ashworth scale could not identify
causes of resistance in the spastic limb (Nielsen and
Sinkjrer 1996).
These authors suggest that the Ashworth scale can
overestimate the amount of spasticity because there
are changes in the non-reflex properties ofthe spastic
limb.. In order to accurately determine whether
reflexes are contributing to hypertonia, it is necessary
to record the electrical activity in the muscle during
stretching using EMG, something which is not
clinically feasible. Therefore, while the Ashworth
scale adequately measures resistance, it measures
both the neural and peripheral contributions without
differentiating their individual contributions.. The
Tardieu scale may be better at identifying a neural
component to hypertonia. By moving the limb at
different velocities, tIle neural response to stretch can
be more easily gauged since the stretch reflex
responds differentially to velocity.. The Tardieuscale
has been little known because it was originally
published only in French (Tardieu et al 1954).. Boyd
and colleagues (1998) have recently had the scale
translated and shown it to better discriminate between
experimental and control children with cerebral palsy
than the Ashworth scale.
Acknowledgements We would like to thank Dr
Roger Adams, Associate Professor Jack Crosbie and
Associate Professor Nick O'Dwyer for help with this
manuscript.
Authors Louise Ada, School of Physiotherapy, The
University of Sydney, PO Box 170, Lidcombe NSW
2141.. E-mail: l.ada@cchs .. usyd.edu.. au (for
correspondence); Wantana Vattanasilp, Physiotherapy
Department, Faculty ofAssociated Medical Sciences,
Khon Kaen University, Khon Kaen 40002, Thailand..
Australian Journal of Physiotherapy 1999 Vol. 45
Short Report
References
Ada L, Vattanasilp W, O'DwyerNJand Crosbie J (1998):
Does spasticity contribute to walking dysfunction after
stroke. Journal of Neurology, Neurosurgery and
Psychiatry 64:628-635.
Ashworth 8 (1964): Preliminary trial of carisoprodalin
multiple sclerosis. The Practitioner 192: 540-542.
BoydRN,Barwood SA,Ballieu Cand Graham HK (1998):
Validity of a clinical measure of spasticity in children with
cerebral palsy ina double blinded randomised controlled
clinical trial. Developmental Medicine and Child
Neurology 40 (Suppl 78): 7 ..
Dejong RN (1984): Case taking and the neurologic
examination. In BakerABand BakerLH (Eds): Clinical
Neurology. (VoL 1) Philadelphia: Harper and Row, pp. 49.
FellowsSJ,Ross HFand Thilmann AF (1993): The
limitations of the tendon jerk as a marker of pathological
stretch reflex activity in human spasticity. Journal of
Neurology, Neurosurger and Psychiatry 56:513-517.
Gottlieb GL, AgarwalGC and PennR (1978): Sinusoidal
oscillation of the ankle asameans of evaluating the
spastic patient. Journal of Neurology, Neurosurgery and
Psychiatry 41: 32-39.
Hufschmidt A and MauritzK-H (1985):Chronic
transformation of muscle in spasticity: a peripheral
contribution to increased tone. Journal of Neurology,
Neurosurgery and Psychiatry 48: 676-685.
Katz RT and Rymer WZ {1989}:Spastic hypertonia:
mechanisms and measure. Archives of Physical
Medicine and Rehabilitation 70: 144-155.
Lance JW (1980): Symposium synopsis. In Young <RR;
Feldman RGand Koella WP (Eds): Spasticity: Disordered
Motor ControL Miami: Symposia Specialists,pp. 485-494.
LinJ-P, BrownJK and Brotherstone R (1994): Assessment
'of spasticity in hemiplegic cerebral palsy~H: distal lower-
limb reflex excitability and function. Developmental
Medicine and Child Neurology 36:290-303.
Neilson PO and LanceJW (1978): Reflex transmission
characteristics during voluntary ·activity ·in normal man
and patients with movement disorders. In DesmedtJE
(Ed.): Cerebral Motor Control in Man: Long Loop
Mechanisms. Progress in Clinical Neurophysiology.
Basel: Karger, pp. 263-299.
Nielsen JF andSinkjcer T (1996): A comparison of clinical
and laboratory measures of spasticity. Multiple Sclerosis
1: 296-301.
O'Dwyer NJ, Ada L and Neilson PO (1996): Spasticity and
muscle contracture following stroke. Brain
119: 1737~1749.
Rack PMH, RossHF and Thilmann AF (1984):The ankle
stretch reflexes in normal and spastic subjects. Brain
107: 637-654.
TardieuG, Shentoub S and Delarue R (1954): A la
recherched'une technique de mesure dela spasticite.
Revue Neurologique9t: 143-144.
Worley JS, Bennett GM, MillerG,Miller M, WalkerB and
Harmon C (1991 ):Reliability of three clinical measures of
muscle tone in the shoulders and wrists of post stroke
patients. American Journal of Occupational Therapy
45:50-58.
139
